Keywords anaemia, inflammatory bowel disease, intravenous iron, iron deficiency AIMS Intravenous (IV) iron infusions have been associated with hypophosphataemia (HP) and hypersensitivity reactions (HSRs). No studies have compared the side effects of ferric carboxymaltose (FCM) with those of isomaltoside 1000 (ISM). This study aimed to describe the occurrence of HP and HSRs following the administration of either FCM or ISM.
WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Hypophosphataemia and drop in phosphate levels following intravenous iron infusions have been reported.
• Hypersensitivity reactions (HSRs) following intravenous iron infusions have been reported.
• Current recommendations suggest that all intravenous iron drugs should be contraindicated in a patient with a history of HSRs.
WHAT THIS STUDY ADDS
• Two intravenous iron drugs have been compared in the same population in a clinical setting.
• The occurrence of hypophosphataemia was most frequent for ferric carboxymaltose and HSRs was most frequent for isomaltoside 1000.
• No hypersensitivity crossover between the two drugs were found.
• The study uncovers dilemmas when choosing the best intravenous iron drug in clinical practice.
Introduction
Intravenous (IV) iron supplementation is increasingly used to treat iron deficiency and anaemia. In patients with chronic inflammatory bowel disease (IBD), clinical guidelines suggest that iron deficiency should be supplemented intravenously, and IV iron treatment has become the standard of care in many outpatient gastroenterology settings [2] . Intravenous administration is generally considered safe, but iron infusions have been associated with both hypophosphataemia (HP) and hypersensitivity reactions (HSRs) [3] [4] [5] [6] [7] [8] [9] [10] .
HP may cause symptoms similar to those of refeeding syndrome, i.e., a broad spectrum including fatigue and cardiac arrhythmia, but low plasma phosphate levels may also occur without any symptoms experienced by the patient [11] [12] [13] [14] [15] . The mechanism for the development of HP with the administration of different IV iron drugs is unknown, but because fibroblast growth factor 23 (FGF23) is critically involved in phosphate homeostasis, changes in intact FGF23 levels may contribute to the development of HP [6, 16] .
Compared with the first generation of IV iron drugs that use mainly iron-dextran complexes, new IV iron formulations, including ferric carboxymaltose (FCM) and isomaltoside 1000 (ISM), may cause fewer HSRs, although post-marketing data for FCM and ISM are sparse when compared to the first generation of IV iron drugs [3] . Adverse drug reactions to all marketed IV drugs were investigated in a post-marketing assessment from the European Medicines Agency, Committee for Medicinal Products for Human Use (EMA-CHMP) [3] . In a population of 393 160 patient-years, hypersensitivity to FCM was reported in 236 cases (0.06%). According to the Ring and Messmer classification, the vast majority (200 cases) were grade I or grade II reactions, which are mild to moderate reactions [3, 17] . Adverse drug reactions to ISM occurred in 26 cases (0.02%). Of the 26 cases, 25 were grade I or grade II reactions. The authors of the assessment report recommended that for patients with a history of HSRs to any IV iron containing products, any IV iron products should be contraindicated.
In clinical practice, the choice of drug is influenced by efficacy, cost, and potential side effects and complications. With regard to IV iron, these considerations imply a balance between the risk of HP and the risk of an HSR. In the Department of Hepatology and Gastroenterology, Aarhus University Hospital, Denmark, we have used IV iron for more than a decade. We have clinical experience with three drugs: iron sucrose, FCM and ISM. When FCM was commercially marketed in 2009, we changed all of our iron infusions from iron sucrose to FCM due to its easier administration and lower overall cost [18] . In August 2012, FCM was replaced by ISM due to a significantly lower drug cost in Denmark. At any time point, the patients were given our first-choice IV iron drug (FCM or ISM), unless they had a history of either severe HP or HSRs to our first-choice drug. When using ISM, we observed a relatively high number of HSRs, and for safety reasons, we switched back to FCM in October 2013. A drawback when using FCM was a higher rate of HP compared with ISM. Consequently, we have experience with both FCM and ISM as the first drug of choice in the same patient population. Based on our clinical experience, we were able to compare the two drugs.
The aim of this study was to describe the occurrence of the two most common complications associated with IV iron administration -HP and HSR -following the administration of either FCM or ISM.
Materials and methods

Study design
This study was a single-centre, retrospective analysis performed with a stable, unselected patient cohort in an outpatient gastroenterology setting.
Subjects and setting
All patients who received IV iron infusion at the Department of Hepatology and Gastroenterology, Aarhus University Hospital, Denmark, between November 2011 and April 2014 were identified in the hospital's electronic medical registry and included in this study. Because public reimbursement requires electronic coding of each individual iron infusion, all infusions could be identified through this registry. Data were collected from the patients' electronic medical records and included the following information: sex, age, diagnosis, dose and type of IV iron given. Data on side effects and complications were documented during follow-up clinical visits. Consequently, data on HSRs were obtained from each patient's medical record. Many iron treatments were given as several infusions over two to three weeks. Therefore, iron infusions are regarded as an 'infusion-series.' A majority of patients received 1-3 infusion series. For the patients who received more than two IV iron infusion series in the study period, data from the first two series were used in the analysis.
Biochemical measurements
The patients had blood samples drawn prior to the administration of IV iron infusions and according to a scheduled follow-up program after the first infusion. Routine biochemical follow-up included the measurement of plasma phosphate at predetermined time points. The blood sample results were categorised into four time points: baseline (covering day À7 to day 0), week 2 (day 4 to day 21), week 5 (day 22 to day 49) and week 10 (day 50 to day 90). If several samples were drawn in a given time period, the lowest level of phosphate was used for analysis. HP was defined as a phosphate concentration < 2.0 mg dl À1 and severe HP as a phosphate concentration < 1.0 mg dl À1 .
HSRs
The Ring and Messmer Severity Scale Quantification of Intensity of Anaphylactoid Reaction was used to classify the HSRs to IV iron infusions [17] . In brief, the reactions are classified into four categories. Grade I is skin symptoms and mild fever reactions, grade II is measurable but not life-threatening symptoms, grade III is shock, and grade IV is cardiac and/or respiratory arrest.
Statistical analyses
Data are presented as medians, ranges, and interquartile ranges (IQRs) or as numbers and percentages with 95% confidence intervals (CIs). Differences between data were determined using Student t test, the χ 2 test, Fisher's exact test or Spearman's rank correlations. Logistic regression analysis was applied to compute the crude prevalence odds ratios as estimates of relative risk with associated 95% CIs. All statistical tests were two-sided with a statistical significance level of 5%. All analyses were carried out using the software program Stata 13 (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX, USA: StataCorp LP).
Ethical considerations
According to Danish law, approval from the Danish Ethical Committee was not needed.
Results
Patients and iron infusions
Between November 2011 and April 2014, a total of 308 IV iron infusion series were administered to 231 patients. Out of all infusion series, 192 (62%) were FCM and 116 (38%) were ISM. A total of 125 patients received FCM only, 67 patients received ISM only, and 39 patients received both types of iron drugs. The median dose administered was 1000 mg (range, 500-2500), with no difference between the two drugs. Patient characteristics are presented in Table 1 . Most patients (144, 62%), had IBD. Of these, 101 had Crohn's disease and 43 had ulcerative colitis. The median age of all patients was 41 years (range, 18-87), and a majority (n = 156) were female. Ulcerative colitis, n (%) 43 (18.6)
Coeliac disease, n (%) 9 (3.9)
Iron-deficiency anaemia, n (%)
Both iron treatments, n (%)
(16.9)
Total dose, mg, median (range) 1000 (500-2500) As shown in Figure 1A , the increase in haemoglobin levels following iron infusion was similar with the two drugs analysed.
HP
Of the 308 infusion series administered, baseline and followup measurements of plasma phosphate were available in 223 (72%). We observed no statistically significant differences in sex, age, or the type of IV iron given between the patients for whom phosphate data were available and for those without complete biochemical monitoring. Significantly more patients who had received FCM experienced HP during follow-up compared with those who had received ISM ( Table 2) . Out of five patients with a low baseline phosphate, two also had HP at week 2. None of these five patients developed severe HP. We only observed severe HP after the administration of FCM. We also observed a significantly more pronounced drop in plasma phosphate from baseline in patients who had received FCM than following ISM ( Figure 1B ). In addition, the increase in ferritin was more pronounced with FCM than with ISM ( Figure 1C ). In both drug groups, we observed a modest but significant association between the rise in the ferritin levels and the drop in the phosphate levels from baseline to week 2 ( Figure 2 ). Among 39 patients who had received both FCM and ISM, follow-up data were available for 32 (82%). The dose of IV iron given was the same for both drugs. Paired analysis of the changes in plasma phosphate revealed a significantly more pronounced drop following FCM compared with ISM, and this difference was sustained at week 5 ( Figure 3A) . Although not statistically significant, the initial rise in plasma ferritin was more pronounced with FCM than with ISM ( Figure 3B ).
We did not observe any specific pattern between the patients' intake of concomitant medication and the development of HP.
Hypersensitivity reactions
Of 231 patients who received IV iron, an HSR was documented in the patient records in 14 cases (6.1%). Two of the 14 patients experienced an HSR more than once, resulting in a total of 16 HSR events (6.4%, CI: 3.7-9.9%). Six (5.9%, CI: 1.4-10.6%) of 101 patients with Crohn's disease experienced HSRs. In ulcerative colitis, the HSR frequency was four (9.3%, CI: 2.6-22.1%) of 43 patients. For other diagnoses, the frequency was four (4.6%, CI: 1.3-11.4%) of 87 patients. We observed no significant associations between other patient characteristics and the occurrence of an HSR (Table 3) .
All HSRs were evaluated to be grade I (n = 9) or grade II (n = 7) on the Ring and Messmer Scale, and all patients recovered within a few days. All HSRs were reported to the relevant public health authorities in Denmark.
When stratified by the type of IV iron, four (2.5%, CI: 0.7-6.2%) of 162 patients had an HSR to FCM and 11 (10.7%, CI: 5.5-18.3%) of 103 patients had an HSR to ISM. Thus, four-fold more patients experienced an HSR to ISM than to FCM (P < 0.01, Fisher's exact test).
Nine of the 14 patients who experienced an HSR were exposed to both FCM and ISM. Six patients had been exposed to FCM first without any HSRs and then exposed to ISM leading to an HSR in all six cases. Five of these were again exposed to FCM without any signs of HSRs. One of the six patients was not re-exposed to IV iron. Two patients received ISM first and developed HSRs. None of them showed any signs of an HSR when subsequently exposed to FCM. One patient first developed an HSR to FCM, then to ISM. We did not find any pattern between the patients' intake of concomitant Figure 1 Median levels and interquatile ranges of (A)haemoglobin, (B) phosphate and (C) ferritin after IV iron infusions, stratified by drug type (n = 117). ISM, isomaltoside 1000; FCM, ferric carboxymaltose Reactions to intravenous iron infusions medication and the development of HSRs. Further details are shown in the supplementary material (Table S1) .
Discussion
This study reveals clinically relevant differences in the occurrence of HP and HSRs between two commercially available IV iron drugs, FCM and ISM. While hypophosphatemia occurred more frequently with FCM, ISM was associated with more HSRs. To our knowledge, our study is the first to compare these complications to FCM and ISM in an unselected outpatient population. The amount of iron provided in our study was the same for both drug types; therefore, the focus must be on the different wrapping and release mechanisms of the iron. For FCM, iron is covered in a round shell of carboxymaltose, whereas for ISM, a matrix-like structure of isomaltoside is used to bind the iron.
HP occurred in up to 50% of patients who received FCM. This finding is in accordance with other findings, as was our finding of HP in <10% of patients who had received ISM [19] [20] [21] . A recent review revealed HP frequencies for ISM to be between 0 and 7%, with the highest levels in patients with IBD [22, 23] . No studies have compared the frequency of HP between the two drugs in the same population, and no head-to-head comparisons have been conducted. The drop in plasma phosphate levels following FCM administration occurred concomitantly with a marked increase in plasma ferritin. This observation was consistent both in the unpaired analyses of patients who only received one drug and in the paired analyses of the subgroup of patients who received both drug types.
The observed frequency of HSRs was markedly higher than that reported by the EMA-CHMP report in general, and we found a four-fold higher occurrence of HSRs with ISM than with FCM [3] . The latter is in contrast to the EMA-CHMP report. Based on the 14 patients who experienced HSRs in our study, we observed no potential HSR crossover between the Correlation between changes in phosphate and ferritin from baseline to week 2. ISM, isomaltoside 1000; FCM, ferric carboxymaltose two drugs. This finding may strengthen the theory that HSRs to IV iron infusions are probably due to the presence of nanoparticles than to the iron itself [24] . A recent review did not identify any significant differences between HSRs to IV iron drugs and HSRs to other IV drugs, suggesting that a major mechanism is complement activation-related pseudoallergy [24] . Furthermore, the authors suggested a revision and extension of the EMA-CHMP guidance. Our results do not challenge the quality of the EMA-CHMP report, but they may call into question the completeness of the source data.
A systematic review and meta-analysis of published trials showed an increased relative risk (2.7) of HSRs to IV iron infusions [25] . The trials were published between 1965 and 2013. The risk of HSRs to FCM was 3.4 and thus slightly higher than the overall risk. Only one trial using ISM was included. The authors did not report any HSRs to ISM, although four of 225 patients reported HSRs (e.g., flushing, itching, rashes and breathlessness) in the primary trial. The findings on HSRs in our study emphasize the differences between the results found when a drug is tested in clinical trials and the results of clinical experience with the same drug post-marketing. Phosphate plays a key role in many biological processes. The phosphate balance is regulated by factors such as parathyroid hormone and vitamin D. However, new insights suggest that other factors, such as FGF23, are involved in the regulation. Wolf et al. [26] found that FGF23 is increased when iron deficiency is present. Furthermore, a model for different FGF23 production related to the type of IV iron given (FCM and iron dextran) has been presented [6] . The model explains how FCM tends to trigger the production of intact FGF23 (iFGF23), which will lead to a drop in phosphate levels. Low levels of phosphate can aid physicians in recognising other symptoms. Many patients have symptoms such as increased fatigue or muscle pain. The patients in our study were not systematically questioned about this issue, but another study found that fatigue worsened in 30% of patients after treatment with FCM [20] . Furthermore, severe HP (< 1 mg dl À1 ) can lead to serious events such as cardiac arrest or metabolic encephalopathy [13, 14, 27, 28] .
A strength of our study is that both types of drugs were used in the same population but at different times. We had patients who were treated with both drugs and could be used as their own controls and thereby eliminate biological variation. Another strength is that the population was large and unselected. The risk of selection bias was minimized by using inclusion criteria linked to reimbursement. We therefore believe that our data are representative for clinical practice.
Our study has some limitations. In 28% of patients, phosphate values had not been measured at all predetermined times. If the likelihood of obtaining complete biochemical follow-up is associated with the occurrence of symptoms, this would lead us to overestimate an association between IV iron treatment and HP. Likewise, the high percentage of patients with IBD would tend to include more patients with active inflammation and hence prone to HP from other causes. However, this potential bias would probably not be associated with the choice of drug, as this was determined by regulation secondary to the pricing of the drug. The study was conducted at a single centre, which may have biased our results in terms of patient selection. However, the single-centre study design may improve the consistency of the data. We analysed data on HP infusion wise and data on HSR patient wise. We regarded HP to be most related to the infusion itself while HSRs were regarded to be most related to the individual. An episode with HP does not necessarily contraindicate further treatment, while HSRs contradict further treatment with the specific drug.
The clinical efficacies of FCM and ISM seem to be similar, as shown in Figure 1A . The choice of drug therefore depends on other factors. Currently, the drug costs of FCM and ISM are the same in Denmark. Importantly, the indirect cost of extra visits and blood samples related to HP or HSRs may influence the choice. The potential side effects may also influence the drug used, as some side effects can be prevented. The risk of developing HP following the administration of FCM may be prevented if phosphate supplementation is provided as a prophylactic to all patients. However, according to the
Figure 3
Median levels and interquatile ranges of (A) phosphate and (B) ferritin after IV iron infusions for 32 patients who received both drugs, stratified by drug type. ISM, isomaltoside 1000; FCM, ferric carboxymaltose Reactions to intravenous iron infusions iFGF23 theory, such supplementation would not increase the plasma phosphate levels, because increased iFGF23 levels would cause an increased urinary loss of phosphate [6] . We found a correlation between a rise in plasma ferritin levels and a reduction in the phosphate level. This finding could illustrate some kind of refeeding effect when giving large doses of iron. A lower initial iron dose may have some preventive effect on the development of HP. Instead of giving a 1000 mg dose followed by a 500 mg dose a few weeks later, giving a 500 mg dose first followed by a 1000 mg dose might prevent the development of HP. Lowering the initial dose of IV iron or prolonging infusion time may minimize the risk of the development of HSRs, which is a particular concern with ISM. Because the majority of HSRs from IV iron drugs are assumed to be complement activation-related pseudo-allergy related, it has been suggested that slowing the infusion rate of the different IV iron supplementations might be most effective in reducing the prevalence of HSRs [24, 29] . Although these suggestions are straightforward consequences of the present study, which was conducted in a clinical setting, rigorous clinical trials that test the hypotheses would add important evidence.
In conclusion, not all forms of IV iron are equal. We found a significantly higher risk of HP when giving FCM when compared to ISM. Conversely, we found a significantly higher risk of mild HSRs when giving ISM when compared to FCM. The overall risk of HSRs was much higher than the risk presented in the EMA-CHMP report. 
